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NEW AGENTS FOR MAGNETIC IMAGING METHOD 

The present invention relates to new MRI detectable species suitable for use as 
contrast agents in a magnetic imaging method, and to the injectable compositions 
5 containing them for the magnetic resonance imaging (MRI) of living subjects and for the 
diagnosing of tumors. 

The invention also refers to the injectable compositions of some of said new MRI 
detectable gpecies for the ther^y of IpmoTS. ^ , 

Finally the present invention also relates to the new intmaediates in the preparation 
10 ofthe new MRI detectable species of the invention. 

BACKGROUND OF THE INVENTION 
Magnetic resonance imaging ^^IRl^ is a nuclear magnetic resonance technique that 
is used clinically to distinguish between different tissues or organs in the human or animal 
body through the spatial localization of water protons in the tissues or organs. The signal 
15 that is obtained by this technique and is then converted into an imaging depends in fact on 
the water proton concentrations and on the relaxation rates within the different types of 
tissues. 

MRI often requires the use of contrast agents, i.e. agents that influence the local 
relaxation behaviour of the observed nuclei in certain tissues or organs, because if MRI is 

20 performed without employing a contrast agent, differentiation of the tissue of interest from 
the surrounding tissues in the resulting image may be difficult 

The in vivo utilization of paramagnetic complexes as non-specific agents for 
contrast enhanced MRI has been the subject of a number of different studies. Paramagnetic 
contrast agents involve materials which contain unpaired electrons. The unpaired electrons 

25 act as small noiagnets within the main magnetic field to increase the rate of longitudinal (Ti) 
and transverse (T2) relaxation. Generally, paramagnetic contrast agents are used for their 
ability to decrease Ti ^sitive contrast agents) and in use they enhance image intensity 
from the regions to which they distribute. 

Param^netic contrast agents typically comprise metal ions, such as for instance 

30 transition metal ions, which provide a source of unpaired electrons. Particularly preferred 
and therefore studied in more depth, resulted to be Gd^^ (with 7 unpaired electrons) and 
Mn^"*^ (with 5 unpaired electrons). Particular attention has been paid to the Gd^^ ion as this 



ion shows a very high magnetic moment coupled to a relaxation rate relatively long at the 
magnetic fields of interest in tiie MR area (in the range of nanoseconds). However these 
metal ions are also generally highly toxic or at least poorly tolerated and need to be strongly 
coordinated with a ligand that occupies the major number of coordination sites. Generally 

5 speaking, to control toxicity and at tiie same time get a sufficient contrast in the imaging, it 
is necessary to have paramagnetic complexes endowed with high thermodinamic and 
kinetic stability, containing at least one molecule of water dkectly coordinated to the metal 
ion in rapid exchange with the "buDs?* water. o - 

The first contrast agent for MRI ^proved by the Regulatory Autiiorities was 

10 GdDTPA (Magnevist®, by Sobering AG), foUowed by GdDOTA (Dotarem®, by Guerbet 
SA), GdDTPA-BMA (Omniscan®, by Nycomed Imaging AS), and GdHPDOS A 
(ProHance®, by Bracco haaaging S.p.A.). The chemical formula of these contrast agents is 
reported hereinbelow : 




[Cd-IIPDOaAl laHWPABMAl 
ntOHANCE *<Bnea4 OaNBCAN •<Njrcomrt) 



30 These four contrast agents share some similar pharmacological features as they all 

difiEiise fiom plasma into tiie extracellular fluids and are excreted throi^ the kidney via 
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glomerular filtration. Hiey are particularly useful for the diagnoas of hematoencephaHc 
barrier lesions. 

Linked thereto are other two Gd(III) complexes that are used in the imaging of the 
Uver : Gd EOB-DTPA (Eovist®, by Shering AG) and Gd BOPTA (MultiHanceig), by 
Bracco Imaging S.pA.) (the chemical formula of the two ligands, EOB-DTPA and 
BOPTA, is reported below) 
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30 




OH OH 



BOPTA EOB-DTPA 



These two compounds are characterised by an increased UpophiUc behaviour due to 
the mtroduction of an aromatic substituent m the ligand structure and for this reason are 
preferably tqptaken by the liver cells. 

Another class of compounds useful as contrast agents for MRI are ferromagnetic 
20 materials ^ch are e^loyed for Iheir abiHly to decrease T2. Fenromagnetic materials have 
high, positive magnetic susceptibiUties and mamtam Iheir magnetism in the absence of an 
appUed field. Ferromagnetic materials for use as MRI contrast agents are for mstance 
described m WO 86/011 12 and WO 85/043301. 

A third class of magnetic materials that canbe used inMRIarethose generally 
25 indicated as superparamagnetic materials. Analogously to paramagnetic materials, the 
superparamagnetic ones do not mahxtain Adr magnetism m the absence of an externally 
appUed magnetic field. Superpar^agnetic materials can have magnetic susceptibiUties 
nearly as high as ferromagnetic materials and higher than the paramagnetic ones. As 
generally used, also superparamagnetic materials alter the MR nnage by decreasing T2 and 
therefore result in a darkening of the tissues or fluids where they are present or accumulate 
versus the lighter background where they are not present 
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Iron oxides such as magnetite and gannna ferric oxide exhibit ferrromagnetism or 
superparamagnetism depending on the size of the crystals comprising the material, with 
larger crystals (typically with an average size larger than 0.3 ^m) being ferromagnetic. 
The general idea of an MRI enhancing contrast agent comprising a moiety that is 
5 detectable in a magnetic resonance imaging procedure linked to a molecule capable of 
specific binding to a cellular receptor is already known. 

See for instance US patent 4,827,945 that discloses i.acoated magnetite particles for 
use as MRI contrast agents, said particles bemg surroimded by a polymer to which 
biologically active molecules, chosen to target specific organs or tissues, may be attached. 
10 See also WO 01/30398 and the literature cited therein where the use of receptor- 

binding ligands boimd to a paramagnetic chelate is described. 

The idea is that since th^e are specific receptors which are known to be 
overexpressed in the cells of certain tumors, being able to selectively distinguish a tumor 
cell firom a normal cell will allow to visualize and identify precise locations of the tumor 
IS masses and better manage the disease. 

The paramagnetic, ferromagnetic or superparamagnetic compounds containing the 
suitably selected targeting moiety (e.g. antibody, antibody fragment, peptide, protein, and 
the like) bind to the relevant receptors on the surface of the tumor cells to be targeted and is 
possibly internalised. The number of receptors per cell however is generally lower than the 
20 numter of MRI detectable metal ions required to have a MR signal visible witii the actual 
MRI technologies. To increase the contrast and make the signal more visible it is therefore 
necessary to inorease the concentration of the contrast agent in the cell or on the surface of 
the celL Hiis can be obtained either giving to the cell sufBcient time to internalize the 
label/targeting compound (so that the signal can be given by the contrast agent inside the 
25 cell as well as around or on the surface of the cell) and/or administering simultaneously a 
compound capable to increase intemali2;ation of the receptor-binding compoxmd, or 
increasing the number of MRI detectable metal units linked to the targeting moiety (via 
dendrimers or multimers). In the latter case, particularly xisefiil is the internalization route 
based on receptor mediated (fluid) endocytosis that allows the entrapment of a huge nxmiber 
30 of paramagnetic imits. 

While theoretically excellent, in practice neither of these approaches has led to a 
commercial product yet On the one hand, in feet, once the targeting MRI detectable 
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compound is bound to the ceU surface, it is not always possible to achieve or induce the 
desiied internalization and on the other hand the use of large multimers is generally 
connected with an unacceptable increase in toxicity of the product because of the large 

molecular weight thus obtained. 
5 For utiUty in diagnostic imaging the optimum contrast agent should provide a 

contrast suffident toclearly distinguish between normal, healthy cells and tumor cells 
using the available equipment and without creating any toxicity problem. 

RTTMMARY Q T? THR TNVENTION « 
In one aspect, the present invention provides new compounds suitable for use in the. 
10 manufacture of contrast agents, said compounds containing an MRI detectable moiety and 
being functionalised in such a way to be easily intemaHsed mto the cells. 

More particularly the present invention provides for a MRI detectable species that is 
useful for mtemaUsing into tumor cells an amount of a MRI detectable metal that is 
distinguishably higher than the amount mtemalised in normal healthy cells. 
15 It has now been found in fact that it is possible to distinguish between tumor cells 

and normal cells usuig contrast agents based on a MRI detectable species that contain at 
least one MRI detectable moiety that is bound, either direcdy or through a spacer, to at least 
one molecule of a nutrient or pseudo-nutrient The nutrient or pseudo-nutrient transporters 
or transporting systems that are present mto the human body, will in feet recognize the 
20 nutrient or pseudo-nutrient molecule and will carry it, together with the at least one MRI 
detectable moiety that is linked thereto, urto the cells where said MRI detectable moiety or 
moieties will thus concentrate to provide a more evident visualization of the cell. The 
altered metabolism of the tumor ceUs that require a much higher amount of nutrients or 
pseudo-nutrients or that selectively employ certain specific pseudo-nutrients, wiU allow a 
25 clear distmction between tumor and noraial cells as the former ones will intemaUse a much 
higher amount of the compounds containing a MRI detectable moiety. 

hi another aspect, the present mvention provides a pharmaceutical composition 
comprismg an effective amount of a MRI detectable species of the invention together with 
at least one pharmaceuticaUy acceptable carrier. In a preferred embodunent said 
30 pharmaceutical composition will be m the form of an injectable composition. 

Said hyectable composition can be employed for diagnostic purpose using the MRI 
technology to visualize tumor cells and, when in the new compounds the MRI detectable 
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moiety is a chelated complex of a paramagnetic metal wherein the paramagnetic metal ion 
is a neutron capturing isotope or a Mopbauer isotope, said injectable composition can also 
be used for the treatment of the tumor. As a matter of fact in such a case, by selective 
irradiation of the tumor mass with a flow of neutrons or at the Doppler frequency which is 
5 the resonant frequency of the absorber isotope. Auger electrons would be released that 
would destroy the irradiated cells. 

In still a further aspect the present invention also relates to a process for the 
preparation of the new compounds by conjugating the MRI detectable moiety D or a 
precursor thereof with the nutriCTt or pseudo-nutrient molecule, either directly or through a 
10 spacer, and to the new intermediates obtained therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 reports the differential uptake of the compoimd of Example 1 by a human 
hepatoma cell line with respect to hepatocytes 

Figure 2 reports the differential uptake of the compound of Example 3 by a human 
1 5 hepatoma cell line with respect to hepatocytes 

Figure 3 summarises the differential uptake of the compound of Example 3 by 
various cancer cell lines. 

DETAILED DESCRIPTION OF THE INVENTION 
More particularly a first object of the present invention is a MRI detectable sfpecies 
20 offoUowing formula (I) 

Dp-Sa-Nm (0 

wherein D is a MRI detectable moiety 
S is a spacer 

N is a molecule of a nutrient or pseudo-nutrient 
25 nis 0 or an integer 

m is an integer and 
p is an integer. 

The MRI detectable species of formula (J) must contain at least one MRI detectable 
moiety D and at least one nutrient or pseudo-nutrient molecule N bound together. 
30 Ifin the above formula (I) mis 1 and p is 1, then D and N can be bound together 

either directly (n = 0) or through a spacer S (n = 1). 
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It is also possible to have, in the above formula (J), one MRI detectable moiety D 
bormd to more than one mrtrient or pseudo-nutrient molecule N, either directly or through a 
number of spacers S vsdiich may be up to the number of nutrient or pseudo-nutrient 
molecules N (i.e., p = 1, m > 1, n = 0 or an integer ^ m). In such a case typically the 

5 number of nutrient or pseudo-nutrient molecules will be up to 5, preferably up to 4, more 
preferably up to 3 and even more preferably up to 2. 

The MRI detectable species (J) may also contain more than one, and typically up to 
10, preferably up to 8, more preferably up to 6, and even moire preferably up to 4, MRI 
detectable moieties D, that can be linked to one molecule of nutrient or pseudo-nutrient N, 

10 eifho* directly or through one or up to an even number of spacers S (i.e., p >1, n'^ p, m = 
1). In case the more than one MRI detectable moieties D are linked to the N molecule 
through one spacer S, said spacer will preferably contain a multiplicity of binding sites 
equal to the number of MRI detectable moieties D, i.e,, the spacer S will provide the 
backbone on which several D moieties or a cluster of D moieties are boxmd. 

15 When the MRI detectable species of formula (I) contains more than one MRI 

detectable moiety D, said moieties can also be boimd to more than one nutrient or pseudo- 
nutrient molecule N through a spacer S containing a multiplicity of bmding sites (i.e., p > 1 , 
n=l,m>l. 

In the formula (J) above therefore p typically will be an integer of from 1 to 10, 
20 preferably of from 1 to 8, more preferably of from 1 to 6, and even more preferably of from 
1 to 4, i.e., 1, 2, 3 or 4; n is ^ically 0 or an integer of from 1 to 5, preferably 0, or an 
integer of from 1 to 3, more preferably 0 or an integer of from 1 to 2, and even more 
preferably 0 or 1; and mis ^ically an integer of from 1 to 5, preferably of from 1 to4, 
more preferably of from 1 to 3, and even more preferably 1 or 2. 
25 While generally the MRI detectable species of Ae present invention can be 

represented as a characterizable compoimd of formula (I) as indicated above, there may be 
instances where the MRI detectable species according to the present invention can only be 
represented as a combination of moieties (D and N and optionally S) bonded or otherwise 
associated, e.g. conjugated, with each other. As used herein however the term "MRI 
30 detectable species of formula (I)" will include also these compositions of matter. 

In formula CO above D is any MRI detectable moiety, i.e. any moiety which affects 
local electromagnetic fields (i.e. any paramagnetic, superparamagnetic or ferromagnetic 
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species), that contains at least one portion capable of being linked to at least one molecule 

of nutrient or pseudo-nutrient N, either directly or through a spacer S. 

The MRI detectable moiety D therefore can be a coated ferromagnetic particle, a 

coated superparamagnetic particle or a chelated complex of a paramagnetic metal ion 
5 wherein the coating of the ferromagnetic or superparamagnetic particles or the chelator of 

the paramagnetic metal contain at least one site for a possible link to a spacer S or to a 

nutrient/pseudo-nutrient molecule N. 

Examples of suitably coated ferromagnetic or superparajpiagnetic particles are for, 

instance those described in US patents 4,770,183, 4,827,945, 5,707,877, 6,123,920, and 
10 6,207,134 where the coating materials, i.e., polymers such as polysaccharides, 

carbohydrates, polypeptides, organosilanes, proteins, and the like, gelatin-aniinodextran, or 

starch and polyalkylene oxides, can be fimctionalised to allow buiding of the particle to the 

spacer or to the nutrient/pseudo-nutrient molecule. 

In a preferred embodiment of the present invention however flie MRI detectable 
15 moiety D is a paramagnetic metal ion complexed with a chelating ligand L. 

Preferred paramagnetic metal ions include ions of transition and lanthanide metals 

(i.e. metals having atomic number of 21 to 29, 42, 43, 44, or 57 to 71), In particular ions of 

Mn, Fe, Co, Ni, Eu, Gd, Dy, Tm, and Yb are preferred, with those of Mn, Fe, Eu, Gd, and 

£>y being more preferred and Gd being the most preferred. 
20 As known m the art and used herem, the term "chelator"* or "chelating ligand'' is 

intended to refer to a compound containing donor atoms that can combine by coordinative 

bonding with a metal atom to form a cyclic structure (coordination cage) called "chelation 

complex" or "chelate*'. 

Suitable chelating ligands L that are or can be fimctionalised in such a way to allow 
25 binding of the paramagnetic chelation complex D to the spacer or nutrient/pseudo-nutrient 

molecule as in formiila (t) above, include the residue of a polyaminopolycarboxylic acid, 

either linear or cyclic, in racemic or optically active form, such as 

ethylenediaminotetracetic acid (EDTA), diethylenetriaminopentaacetic acid (DTPA), N-[2- 
[bis(carboxymethyl)aniino]-3-(4-ethoxyphenyl)propyl]-N-[2- 
30 [bis(carboxymethyl)amino]ethyl]-L-glycine (EOB-DTPA), N,N-bis[2- 

[bis(carboxymethyl)amino]ethyl]-L-glutamic acid (DTPA-GLU), NJS[-bis[2- 
[bis(carboxymefhyl)amino]ethyl]-L-lysine (DTPA-LYS), the DTPA mono- or bis-amide 
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derivatives, such as N^-bis[2-[carboxyme%l[(methylcarbamoyl)me%l]amino]etiiyl] 
glycine CDTPA-BMA), 4-carboxy-5,8,l l-tris(carboxymethyl)-l-phenyl-2-oxa-5,8,l 1- 
tiiazatridecan-13-oic acid (BOPTA), 1,4,7,10-tetraazacyclododecaii-l ,4,7,10-tetraacetic 
acid(DOTA), l,4,7,10-tetraazacyclododecan-l,4,7-triacetic add (D03A), 10-(2- 

5 hydK>xypiopyl)-l,4,7,l 0-tetraazacyclododecan-l,4,7-triacetic acid (HPD03A), 2-inethyl- 
l,4,7,10-tetraa2acyclododecan-l,4,7,10-tetraacetic acid (MCTA), (ci,a',a",a'"> 
tetramelhyl-l,4,7,10-tetraazacyclododecan-l,4,7,10-tetraacetic acid (DOTMA), 3,6,9,15- 
tetraazabicyclo[9.3.1]pentadeca-l(15),l l,13-triene*3,6,9-triacetic acid (PCTA), or of a 
dwivative thereof wherein one or more of the carboxylic groups ate in the form of the 

10 corresponding salts, esters, or amides; or of a corresponding compound wharein one or 
more of the carboxylic groups is replaced by a phosphonic and/or phoq)hinic group, such 
as for instance 4-carboxy-5,ll-bis(carboxymethyl)-l-phenyl-12-[(phenyhnethoxy)methyl]- 
8-(phosphonomethyl>2-oxa-5,8,l l-triazatridecan-13-oic acid, N,N'- 
[^osphonomethylimino)di-2,l-ethanediyl]bis[N-<catboxymethyl)glycine],N,N'- 

15 [(plK)sphonomethylfamno)di-2,l-ethanediyl]bis|N-(iphosphonomeihyl)g^^^ NJ^*- 
[(phosr*inDme1h3dimino)di-2,l-e1hanediyl]bis[N-(cM^ 1,4,7,10- 
tetraazacyclododecane-l,4,7,10-tetrakis[methylen(methylphosphonic)]acid, or 1,4,7,10- 
tetraazacyclododecane- 1,4,7,1 0-tetrakis[methylen(methylphosphinic)]acid. 

Suitable chelating Ugands L as well as the processes for their preparation are 

20 described for instance in the following patents : GB-A-2,137,612, EP-A-230,893, EP-A- 
255,471, EP-A-299,795, EP-A-325,762, EP-A-565,930, EP-A-594,734, US-A-4,885,363, 
EP-A-773,936, WO-A-9426313, WO-A-9426754, WO-A-9426755, WO-A-9519347, WO- 
A-9731005, WO-A-9805625, WO-A-9805626, WO-A-9935133, WO-A-9935134, and 
WO-A'O146207, yrbidx are incorporated h«ein by reference. 

25 Preferred chelating ligands L are linear and macrocyclic polyaminopolycarboxylic 

adds, in racemic or optically active form. 

More preferred are ethylenediaminotetracetic add (BDTA), 
diethylenetriaminopentaacetic acid (DTPA), N-[2-[bis(caiboxymethyl)amino]-3-(4- 
ethoxyphenyl)propyl]-N-[2-[bis(carboxymethyl)ainino]efliyl]-L-glycine(EOB-DTPA), 

30 NJM-bis[2-[bis(carboxymethyl)amino]ethyl]-L-glutamic acid (DTPA-GLU), N,N-bis[2- 
[bis(carboxymethyl)amino]ethyl]-L-lysme (DTPA-LYS), N JM-bis[2- 
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[carbox3methyl[(me1iiylcarbamoyl)methyl]a^ (DTPA-BMA), 4-carboxy- 

5,8,1 l-tris(carboxymethyl)-l-phenyl-2-oxa-5,841-triazaM acid (BOPTA), 

1 A7,10-tetraazacyclododecan-l A7,10-tetraaceti^ acid (DOTA), 1,4,7,10- 
tetraazacyclododecan-l,4,7-triacetic acid (D03A), 10-(2-hydroxypropyl)-l,4,7,10- 
5 tetraazacyclododecan-l,4,7-triacelic acid CHPD03A), 2-methyH,4,7,10- 

tetraazacyclododecaii-l,4,7,10-te1raacetic acid (MCTA), (a,a%a",a'")-tetramethyl- 
l,4,7,10-tetraazacyclododecan-l,4,7,10-tetraacetic acid (DOTMA), 3,6,9,15- 
. tetraazabicyclo[93.1]pentadeca-l(15)Jl,13-triene-3,6,9-^^ and the 

derivatives thereof wherein one or more of the carboxylic groups are in the form of the 

10 corresponding alkali metal, alkaline earth metal, or quaternary ammonium salts, (Cr 
C4)alkyl esters or xmsubstituted, mono- or di-substituted amides. 

Most preferred are ethylenediaminotetracetic acid (EDTA), 
diethylenetriaminopentaacetic acid (DTPA), 4-carboxy-5,8,ll-tris(carboxymethyl)-l- 
phenyl-2-oxa-5,8,ll-triazatridecan-13-oic acid (BOPTA), 1,4,7,1 0-tetraazacyclododecan- 

15 1,4,7,10-tetraacetic acid (DOTA), 1,4,7,1 0-tetraa2acyclododecan-l,4,7-triacetic acid 
(D03A), and 10-(2-hydro3Qrpropyl)-l,4,7,10-tetraazacyclododecan-l,4,7-triacetic acid 
(HDPD03A), (a,a%a^a''')-teti:amethyl-l,4,7,l()-tetraazacyclo^^ 
acid (DOTMA), as well as the analogs thereof where the methyl groups are replaced by 
higher alkyl homologs, and 3,6,9,15-tetraa2abicyclo[9.3.1]pentadeca-l(15),ll,13-triene- 

20 3,6,9-triacetic acid (PCTA). 

As used herein the term Nutrient" refers to any substance or compound that is 
essential for sustaining the cell life in the organism concerned, while the term ^"pseudo- 
nutrient" refers to any substance or compound that is nonessential during health but is 
reqxiired in the diet in certain pathophysiologic states because cell utilisation exceeds the 

25 capacity for endogenous biosynthesis or to any substance or compound that is capable of 
being utilised by the cells in any of their vital functions or as an assimilable source of 
nutrients. 

Examples of ''nutrients'' are typically monosaccharides and the essential amino 
acids. Hie term "monosaccharides" includes glucose, which is the most preferred one, 
30 fiructose and other hexoses. The term "essential amino-acid" generally refers to the L- 
isomers of the a-amino acids which are found in nature. 
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Typical examples of **pseudo-niitrients*' are the polyamines, the derivatives of the 
essential amino acids and the non-essential amino-acids. 

Examples of polyamines are e.g. putrescine, spermidine, and spermine, that are 
present in all the cells and play an important role in several essential cell fiinctions through 
5 their interaction with DNA, RNA, proteins, and lipids. The uptake of these compounds by 
the rq>idly growing cells as well as by the tumor cells is known to be very high. 

A suitable example of essential amino-acid derivative suitable as pseudo-nutrients is 
e*g. agmatine, the compound obtainable by .decarboxylation of arginin^, that can be used by 
the cell as a nitrogen source and is known to be internalised by the cells throiigh the same 
1 0 transput system used for polyamines. 

Non essential amino-adds are e.g. the D-isomers of the natural essential amino* 
adds, any mixture of tiie L- and D-isomers, as well as synthetic a-anuno acids which are 
not found in nature. An example of molecule suitable as pseudo-nutrient is glutamine that is 
not an essential amino-acid but becomes a conditionally essential amino acid in the host 
15 with cancer. Glutamine in feet is known to be the main source of nitrogen for tumor cells 
tiiat compete with the host for circixlating glutamine. 

Other substances or compoimds not specijBcally listed above may however be 
employed as the nutrient or pseudo-nutrient molecule. More particularly any substance or 
compound that is recognized by at least one trasporting system of the living organism fliat 
20 receives the MRI detectable species (I) and that is internalised by the tumor cells in a higher 
amount with respect to the normal healthy cells, can suitably be employed. 

Since tiiere are several different transporting systems that are known to 
I»eferentially transport one or the other nutrient or pseudo-nutrient molecule into the cell of 
a given tissue or organ, it would thus be possible also to specifically design the type of 
25 nutrient or pseudo-nutrient to be coiq>led with the MRI detectable moiety D in such a way 
to preferentially direct the MRI detectable spedes (I) to the target cells. 

Examples of known transportmg systems are for instance the ASC system that is 
ejquressed by different types of cells, that typically transports neutral apolar or neutral polar 
amino-acids, such as alanine, leucine, valine, methionine, serine, cysteine, glutamine, 
30 threonme, asparagine; the N system that specifically transports amino-acids that contains 
nitrogen m the side chain, such as glutamine, asparagine and histidine; the B^'^ system that 
transports also cationic amino-acids and is expressed only in certain organs, i.e. lung and 
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trachea; the system that is ubiquitous with the only exception of epatocytes and 
mediates the uptake of cationic amino-acids as well as that of glutamine; the L system for 
the trasport of neutral apolar amino-acids, such as leucine, isoleucine, valine, 
phQiylalanine, tyrosme, tryptophane, methionine, and of some neutral polar amino-acids, 

5 such as glutamine, serine and threonine; the T system that preferentiaUy transports neutral 
aromatic amino-acids; and the various femiUes of glucose transporters, GLUTl, GLUT2. 
GLUTS, GLUT4, and GLUTS, which are expressed in the various tissues and are 
« responsible for the cellular iq>take of glucose and the other hexoses. 

When more than one molecule of nutrient or pseudo-nutrient N is present, each N 

10 can be independently selected among the nutrient and pseudo-nutrient molecules as 

indicated above. In a preferred embodiment however when more than one molecule N is 
linked to the MRI detectable moiety D. aU the N molecules are of die same compound or 

substance. 

As indicated above, in the case of nutrients, saccharides and essential ammo adds 
15 are the preferred molecules, wherein the most preferred ones are glucose, neutral amino 
adds such as alanme and phenylalanine, and cationic amino acids such as lysine and 

In case of pseudo-nutrients, polyamines such as putrescine and spermidine, non 
essential amino-acids, such as glutamme and essential amino acid derivatives such as 
20 agthatine are ttie most preferred compounds. 

Each of the molecules of nutrient or pseudo-nutrient N can be linked to the MRI 
detectable moiety D either dkectly or through a spacer S. 

When the MRI detectable moiety D is linked to a nutrient or pseudo-nutrient N 
through a direct bond, said bond usuaUy involves interaction between functional groups 
25 located on flie nutrient molecule N and on the MRI detectable moiety, i.e. on the coating of 
the ferromagnetic or superparamagnetic particle or - m the preferred embodiment of the 
present invention accordmg to which D is a paramagnetic chelated complex - on the 
chelating ligand L. to general, non Ihnitative examples of chemicaUy reactive functional 
groups which may be employed to this purpose include ammo, hydroxy, thiol, carboxy, 

30 carbonyl and the like groups. 

In the preferred embodiment where the MRI detectable moiety D is a paramagnetic 
metal ion complexed with a chelating Ugand L, the chelating Ugand L may be attached 
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directly to the nutrient or pseudo-nutrient molecule N via one of the metal coordinating 
groups of the chelant which may form an ester, anoide, thioester, or thioamide bond with an 
amine, thiol, or hydroxy group present on the N molecule. In such a case preferably the 
ligand L will contain free carboxyl groups, and a direct covalent bond with the nutrient or 
5 pseudo-nutri^t molecule N can be obtained through formation of an ester or, preferably, 
an anude bond with respectively a hydroxy or amino grol^> possibly present in the N 
molecule. Alternatively, or additionally, the N molecule and the chelating ligand L may be 
directly^ linked via a functionality attached to the chelant L backbone, and in such a case>it 
is also possible to devise a ligand L bearing as a substituent in its backbone e.g. the residue 

10 of an amino-add or amino-acid derivative, a polyanciine, or a glucose molecule N. 

Alternatively to flie direct joining of the MRI detectable moiety D to the nutrient or 
pseudo-nutrient molecule N, these two elemrats can also be connected through a homo- or 
hetero-bifimctional linker, i.e. a spacer S. In this case said spacer S will contain at least two 
specific reactive moieties separated by a spacing arm, wherein one of the reactive moieties 

15 will provide for a covalent bonding with the MRI detectable moiety D and the other with 
the nutrient or pseudo-nutrient molecule N. The spacing arm may typically consist of an 
alkyUdene, alkenylidene, alkynylidene, cycloalkylidene, aiylidene, or aralkylidene radical 
that can be substituted and be interrupted by heteroatoms such as oxygen, nitrogen, and 
sulphur. In a preferred embodiment said spacer aim consists of an aliphatic, straight or 

20 branched chain, that effectively separates the reactive moieties of the spacer so that ideally 
the spatial configuration of the molecule of nutrient or pseudo-nutrient N is not influenced 
by the presence of the MRI detectable moiety D and the molecule of nutrient or pseudo- 
nutrient N is thus more easily recognized by the transporter. Said chain may be interrupted 
by groups such as, -0-, -S-, -CO-, -NR-, -CS- and the like groups or by aromatic rings 

25 such as phenylene radicals, and may bear substituents such as -OR, -SR, -NRRi, -COOR, - 
CONRRi, and ihe like substituents, wherein R and Ri, each independentiiy, may be a 
hydrogen atom or an organic group* 

The reactive moieties in said bifunctional spacer, that may be the same or, 
preferably, different, need to be capable of reaction with the fimctional groups present in 

30 the MRI detectable moiety D and in fee nutriCTt or pseudo-nutrient molecule N, i.e. need to 
be able to react with carboxyl, amino, hydroxyl, sulphydryl, carbonyl, and the like groups. 
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Examples of functional groups capable of reaction with carboxyUc groups include 
diazo compounds such as diazoacetate esters and diazoacetamides, which react with high 
specificity to generate ester groups. CarboxyUc acid modifying reagents such as 
carbodiimides, e.g. l-cyclohexyl-3-(2-morpholinyl-4-ethyl)carbodiimide (CMC) and 1- 

5 ethyl-3-(3-dmiethylaminopropyl)carbodiimide (EDQ, may also be usefully employed. 
Other useful carboxyUc acid modifying reagents include isoxazoUum derivatives, 
chloroformates, and N-carbalkoxydihydroquinolmes. Examples of reactive moieties 
capable of reaction with sulphydryl groups hxclude a-haloacetyl compounds and maleimide 
derivatives. Examples of reactive moieties capable of reaction with ammo gcoups mclude 

10 alkylating and acylatmg agents. Representative of the alkylating agents are a-haloacetyl 
compounds, maleimide derivatives, reactive aryl haUdes and alkyl haUdes, a-haloaUsyl 
e&ers, aldehydes and ketones capable of SchifPs base formation with ammo groups (the 
adducts formed usually being stabiUsed through reduction to give a stable amine), epoxide 
derivatives, such as epichlorohydrin and bisoxiranes. Examples of acylating agents include 

15 isocyanates and isothiocyanates, acid anhydrides, acid halides, active esters, and those 
useful reagents for amide bond formation widely known and conventionally used for 
peptide syntheses. 

Said spacer may also contain mote than two funtional groups. In particular when a 
single spacer molecule S is used to bind more than one MRI detectable moiety D to one or 
20 more than one nulrient or pseudo-nutrient molecule N or vice-versa, said spacer may 
contam a multipUdty of possible bmdmg sites or be a molecular aggregate with a 
multiplicity of buUt-m or pendant groups which bind covalently or non-covalendy (.g. 
coordinatively) with &e MRI detectable moieties D and the nutrient or pseudo-nutrient 
molecules N m such a way to anchor said moieties thereto with a strength and for a time 

25 sufficient to bring the MRI detectable species (I) into the ceUs. 

The nature of the spacer S may have a critical bearing on the stabUity of the end 
MRI detectable species and on the capabiUty for the transportmg systems to recognize the 
nutrient or pseudo-nutrient molecule. As mdicated m fact it should bind the MRI detectable 
moiety D to the recognized nutrient or pseudo-nutrient molecule N fi» an adequate period 

30 of time that would allow the MRI detectable moiety D to be intemaUsed by the tumor cells 
m an amount sufficient to give a clearly distmguishable contrast imaging. It should also 
bind the MRI detectable moiety D to the nutrient or pseudo-nutrient molecule in a way that 
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would ensure an appropriate spatial conformation that allows the nutrient or pseudo- 
nutrient molecule to be easily recognized by the transport system. In a preferred 
embodiment it should also be biodegradable, i.e. contain a bond that may be suscei)tible to 
an enzymatic or a chemical cleavage, particularly once it has been transported into the cell. 
5 Fur&ermore, when according to the preferred embodiment of the invention the MRI 
detectable moiety D is a paramagnetic metal chelated complex, said optional spacer S 
should also ensure that water molecules may have access to the chelated paramagnetic ion 
(as the entity of tiie signal will depend on the rate of exchange of the water moleaule of the 
coordination cage with the water bulk). 

10 When more than one molecule of spacer S is present, each of them can be 

independently selected as indicated above. According to a preferred embodiment, however, 
in such a case all the n molecules of spacer S are identical. 

The reaction conditions used for obtauiing the MRI detectable species (I) will vary 
depending on the particular type of reactive moieties employed but are analogous to those 

IS known in the literature for similar general reactions and can be easily devised by any skilled 
technician. 

In general, for the preparation of the MRI detectable species (I), it is possible to 
conjugate first the spacer, if any, with the nutrient or pseudo-nutrient molecules N and then 
conjugate the obtained intermediate product with the MRI detectable moiety or moieties D; 
20 or altematively, it is also possible to conjugate first the MRI detectable moiety or moieties 
D with the spacer or spacers, if any, and then conjugate the obtained intermediate with the 
nutrient or pseuso-nutrient mol6Cule(s) N. However, when in the MRI detectable species of 
formula (I), D is a paramagnetic metal chelated complex, preferably the process for the 
preparation of these compounds will comprise conjugating one or more chelating ligands L 
25 to one or more nutrient or pseudo-nutrient molecules N either directly or through one or 
more spacers S, by any suitable sequence of steps, to get a suitable precursor of the desired 
end compound (I), said precursor having following general formula (II) 

Lp-Sa-Nm CO) 
whereia L is a chelating ligand 
30 S is a spacer 

N is a molecule of a nutrient or pseudo-nutrient 
nis 0 or an integer 

15 



m is an integer and 
p is an integer. 

and then metallating the chelant groups L in said intermediate compound (II) with 
the suitably selected paramagnetic metal. 
5 The precursors, intermediate compounds, of formula (D), that will also be indicated 

herem as 'functionalised chelators", represent a fbrther specific object of the present 
invention. 

In the above formula (D) the meanings of L, S, N, n, m, and p are as defined above 
in relation with the end compounds CD- 

10 Among tiie methods generally known for incorporating ametal ion urto a chelator, 

i.e. direct incorporation, template syntiiesis and transmetallation, the direct mcorporation is 
tiie preferred one to obtain the compounds of formula (I) wherein D is a paramagnetic metal 
chelated complex starting from tiie intennediates of formula (II). Thus tiie MRI detectable 
species CO wherein D is a paramagnetic chelated complex can be easily obtained by merely 

15 exposmg or mfadng an aqueous solution of tiie functionalized chelators (II) witii a 

paramagnetic metal salt m an aqueous solution having a pH comprised between about 4 and 
about 9, and preferably comprised between about 5 and about 8. The salt can be any salt but 
preferably a water soluble salt of tiie paramagnetic metal, such as a haUde. Said salts are 
preferably selected so as not to interfere witii tiie binding of tiie metal ion witii tiie 

20 fbnctionalised chelator (H). The funtionaUsed chelator (II) is preferably in aqueous solution 
at a pH of between about 5 and about 8. It can be nuxed witii buffer salts such as chrate, 
acetate, phosphate and borate, to produce tiie optimum pH. Preferred paramagnetic metal 
ions mclude ions of transition and lantiianide metals (Le. metals havmg atomic number of 
21 to 29, 42, 43, 44, or 57 to 71). In particular ions of Mn, Fe, Co, Ni, Eu, Gd, Dy, Tm, and 

25 Yb are preferred, witii tiiose of Mn, Fe, Eu, CW, and Dy being more preferred and Gd bemg 
tiie most preferred. 

Preferably flie MRI detectable species (t) wherem D is a paramagnetic chelated 
complex should have a zero residual charge on tiie coordination cage in order not to alter 
tiie residual charges possibly present on tiie nutrient or pseudo-nutrient moiety of tiie end 
30 species (T). 

Preferred cations of inorganic bases suitable for salifying the paramagnetic chelated 
complexes, if necessary, comprise tiie ions of alkali metals or alkaline-earth metals such as 
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potassium, sodium, magnesiimi, calcium, and the like metals, including any mix6d salt. 
Preferred cations of organic bases suitable for this purpose comprise those obtained by 
Intonation of primary, secondary and tertiary amines, such as ethanolamihe, 
dietfaanolamine, morpholine, glucanoine, N-methylglucamine, NJM-dimethylglucamine, 

5 basic amino-acids such as lysine, arginine, and omitiiine, and the like organic bases. 

The MRI detectable species (J) wherein D is a paramagnetic chelation complex, 
should contain at least one molecule of water m the coordination cage of the chelation 
complex so as to guarantee a rip higher tiian 1 s'^mlvT^ Higher relaxivities (such as higher 
than 4 s'^mNT^ or higher than 8 s'^mM"^ or higher than 10 s'^mMT^ or higher than 15 s* 

10 'mNT^) can be advantageous but not strictly necessary because of the high amount of 
internalized MRI detectable moiety D. 

The MRI detectable species (I) according to the present invention may be 
administered to patients for imaging in an amoimt sufficient to give the desired contrast 
with the particular technique used in the MRI. Generally, dosages of from about 0^001 to 

15 about 5.0 mmoles of MRI detectable species (I) per kg of body weight are sufficient to 

obtain the desired contrast For most MRI applications preferred dosages of imaging metal 
compound will be in the range of from 0.01 to 2.5 mmoles per kg of body weight 

The MRI detectable species (I) of the present invention can be employed for the 
manufacture of a contrast medium for use in a method of diagnosis by MRI involving 

20 adniinistering said contrast medium to a huin^ or aninaal being and generati^ 
at least part of said human or animal being. 

MoTG particularly the MRI detectable species (I) according to the present invention 
can be employed for the manu&cture of a contrast medium for use in a method of 
diagnosing tumors, said method involving administering said contrast medium to a human 

25 or animal being and detecting the major uptake of said detectable species by tumor cells 
witii respect to normal cells. 

For said use the MRI detectable species (I) of the present invention may be 
formulated vsdth conventional pharmaceutical aids, such as emulsifiers, stabilisers, anti- 
oxidant agents, osmolality adjusting agents, buffers, pH adjusting agents, and the like 

30 agents, and may be in a form suitable for parenteral administration, e.g* for infusion or 
injection. 
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Thus the MRI detectable species (I) according to the present invention may be in 
conventional administration forms such as solutions, suspensions, or dispersions in 
phydologically acceptable carriers media, such as water for injection. 

Parenterally administrable forms, e.g. i.v. solutions, should be sterile and ftee from 
5 physiologically unacceptable agents, and have low osmolality to minfanize irritation and 
other adverse effects upon administration. These parmteially adminislrable solutions can be 
prepared as customarily done with injectable solutions. They may contain additives, such as 
. anti-oxidants, stabilizers, buflfers, etc., which are compatible with the chemicaLstructure of 
the MRI detectable species (T) and which will not interfere with the manufacture, storage 

10 and use thereof. 

Said pharmaceutical compositions may also contain suitable agents that may 
increase the amount of MRI detectable moiety internalised. As an example it would be 
possible to administer the MRI detectable species (I) in combination with a compound that 
specifically inhibits the enzymes responsible for the biosynthesis of the nutrient or pseudo- 

1 5 nutrient N within the cell. This would lead to an increased uptake of the exogenous nutrient 
N m the form of MRI detectable species (I). Said **intemalization adjuvant' ' may be 
administered sunultaneously with the MRI detectable species (I) and in such a case the 
formulation may contain both ingredients. Alternatively it can be administered in advance 
with irapect to the MRI detectable species (I) and in such a case two separate formulations 

20 should be provided that may be presented in the form of a kit 

When in the MRI detectable species (I) the MRI detectable moiety D is a 
paramagnetic metal ion complex chelate v^ere tihie paramagnetic metal ion is a neutron 
capturing isotope or a Mfipbauer isotope, besides bemg useful for in vivo unagmg to 
diagnose and localise the presence of tumor cells, the MRI detectable species G) can also be 

25 effective in the treatment of the tumor. As a matter of fact in such a case, by selective 
irradiation of the tissues, cells and/or cell components with a flow of neutrons or at the 
Doppler frequency which is the resonant frequency of the absorber isotope. Auger electrons 
would be released fliat would destroy the irradiated cells. It would therefore be possible, 
once the presence of tumor cells has been evidenced by the use of the MRI technique, 

30 externally and selectively inducing damage of these target cells. 

To carry out said treatment the amount of MOpbauer absorber that needs to be 
present within the cell is very low, much lower than the amount reqiiired for MRI 
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visualization. Once flie suitable Doppler frequency for the maHgnant tissue has been 
detemiined (by theoretical calculations or by the Mspbauer absorption spectrum of a 
biopsy of said tissue), by means of a MSpbauer isotope Y-radiation source selectively 
emitting y-radiation, fUter means for selectively transmitting the y-radiation emitted and 
5 means for providing a magnetic field at the target cell material, it is possible to selectively 
induce the so-called Auger effect within the target ceUs. The effect known as flie "Auger 
eSBce' is a valency cascade: the y-radiation of the suitably selected frequency provokes the 
ejection of an inner shell electron from the absorber within the target ceU, the difference 
between the ionization energy of the inner shell electron and that of the outer shell is 
10 transmitted to another electron which is then ejected as an Auger electron; and the process 
continues, shell by shell, untH the valence shell is reached and thus leads to multiple 
ionizations of the atom. The Auger electrons have generally energies up to a few keV with 
a relatively high linear energy transfer. Since such electrons dissipate their energy in 
materials of unit density within a distance of the order of 10 to 100 nm. they may efficiently 
15 damage molecules in the nearness ofttie decay event 

For use in the neutron capture ther^y based on the release of the Auger electrons as 
mdicated above, suitable isotopes may be e.g., "'CM, ^^'CM, »^Gd. '"'Od, "»Gd, ^^'Eu, and 
^''Eu, wherem *"Gd is preferred. The capture of a neutron from a *''C3d nucleus gives the 
formation of ""Od and causes the emission of radiation, in part, under the form of Auger 
20 electrons. The accumulation of Gd(III) chelates at the target site may be checked by MRI. 
before starting with neutronic irradiation. The possiWlity of visualizing the region of 
mterest represents an advantage of the Gd-containing systems in respect to oflier neutron 
capturing species. 

25 The foUowing examples further iUustrate the present invention in some 

representative embodiments thereof and in particular describe the preparation of some 
representative compounds of formula (0 and intermediates of formula QI) accordmg to the 
present invention. As will be known to those of skill in the art, however, tiiese same 
compounds may also be prepared foUowing different syntiietic routes. 

30 Example 1 

Vr^.r«tinn nf the gad olin^im comple x nf fi.l6-dicarbonYl-5,8,n,1447-rw>ta«7fl-«,ll,H- 
irieaAoxvmethvl-heneic osandiguadinine 
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(gadolinium complex of N^'-(4-guaiiidinobutyl)diethylenetriaininopentaacetic acid bis- 
amide) 

a) Preparation of diethvlenetriatn i^^pft^tflf ^cetic acid bis-anhvdride 
Diefhylenetriaminopentaacetic acid (10 g; 0.0255 mol) and pyridine (14.54 ml; 0.18 mol) 
5 are charged into a 100-ml reaction flask equipped with magnetic stirrer, heating oil bath, 
and drilling funnel. While the temperature is kept at tiie room value and the solution is 
stirred, acetic anhydride (10.56 ml; 0.11 mol) is added dropwise. The reaction mixture is 

o heated to 65 for 3 hours, and then cooled Jo room temperature. The»solid obtained is 
recovered by filtration on bttchner, washed on filter with acetic anhydride (2 x 10 ml), 

10 meAylene chloride (2 x 10 ml) and ethyl ether (2 x 10 ml). The white powder is then dried 
under vacuum yielding 8.82 g of the compound of title a) (97 %). 

b^ Preparation of 6J6-dicarbonvl-5.8.1L14.17-pentaaza-8>l l>14-tricarboxvmethvl" 
heneicosandiguadinine 

A mixture of agmatine free base (3.27 g; 0.02531 mol) and DMSO (70 ml) is stirred at 50 
15 ®C for two hours. A solution of the compoimd obtained in step a) above (4.20 g; 0.01 175 
mol) in dimethylsulfoxide (DMSO) (15 ml) is added portionwise over a period of two hours 
and the mixture is allowed to react at 50 °C for 4 hours and then at room temperature for 
additional 20 hours. At the end of the reaction time the solution is clear but a lower yellow 
phase of a jelly consistency is present The DMSO phase is recovered by decantation and 
20 acetone is added thereto until precipitation of a solid product is complete. The lower yellow 
phase is dissolved in a small amount of water and acetone is added thereto to get an 
additional crop of solid precipitate. The two crops are combined and washed sev^:al times 
with fresh acetone, left under stirring overnight The sumatant is then removed and the 
solid is taken up with water» v^hed again with acetone, and dried yielding 8.03 g of a raw 
25 product that is dissolved in acid water (pH - 2) and purified by column chromatography on 
Amberlite™XAD1180. 

c^ Preparation of the gadolinium complex of 6,16-dicarbonvl-5>8Jl,14^17>p ftntaflTO> 

8 J L14-tricarboxvmethvl-heneicosandiguadimne 
An aqueous solution of the chelating ligand obtained in step b) above (7.0 g; 0.0122 mol) is 
30 brought to pH 6.5 by the addition of NaOH and an equimolar amoxmt of GdCls (3.22 g; 
0.0122 mol) is then slowly stirred in at room temperature. During the addition the pH of the 
reaction mixture is monitored and adjusted to 6.5 with NaOH. Once the addition of GdCls 
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is over, tiie solution is brought to pH 8.5 and filtered on a 22 pm syringe filter. A small 
amount of flie chelating ligand obtained in step b) above is then added to the filtrate and the 
pH is brought to 7. Removal of the solvent under vacuum yields the compoimd of the title 
as a white solid. 
5 Example 2 

Preparation of the gadolinium complex of 6.16-dicarbonyl-5.19-dicarboxv-S>8,l 1.14.17- 

pentaaza-8.1 1.14-tricarboxvmethvl-heneicosand toic acid diamide 

(gadolinium complex of N^^l'-glutamin-dieflxylenetriaminopmtaacetic acid bis-amide) 

a> Preparation of of 6.16-dicarbonvl-5.19-dicarboxv-S,8J L14>17-p Mitaa9^^,5t ,i ^^d^ 

10 tricarboxvmeflivl-heneicosandioic acid diamide 

A solution of L-ghitamine (S.OO g; 0*0342 mol) in water (80 ml) is loaded icito a 100-ml 
reaction fiask and sodium hydroxide (1.37 g; 0.0342 mol) is added thereto. While keeping 
the reaction tCTiperature at 15-20 ""C, diethylenetriaminopentaacetic acid bis-anhydride 
obtained as described in step a) of ]&cample 1 (6.11 g; 0.0171 mol) is added portionwise 

15 and the reaction mixture is stirred under nitrogen atmosphere for 4 hours. The pH of the 
reaction mixture is then neutralised by tiie addition of HCl and the solvent is evaporated off 
under reduced pressure yielding a white product that is purified by column chromatography 
on Amberlite™ XAD 1 1 8 0 at pH 2 eluting with water. 

V) Preparation of the gadolinium complex of 6J6-dicarbonvl-5,19-dicarboxv- 
20 5,8J1 J4>17-pentaaza-8.n J4-tricarbo3hanethvl--heneicosandioic a cid diaTniHft 

The gadolinium complex of the chelating ligand of step b) above has been prepared by 
following the same general procedure described in step c) of Example 1. 

Preparation of the padnlinh un complex of '3.6,9-triaza-3.6.9-tricarboxvmethvlundecanoic 
25 acid bis-glucopvranosvlamide 

(gadolinium complex of N,N*-glucosamin-die(hylenetriaminopentaacetic acid bis-amide) 
a) Preparation of 3>6.9 >tria7^,^^/;^Q ,tricarboxvmethvlundecanoic acid Ms- 
glucopvranosvlamide 

A solution of glucosamine (1.00 g; 0.00463 mol) in DMSO (10 ml) is charged into a 100- 
30 ml reaction flask and kept under stirring at 40 "^C, A solution of 
diethylenetriaminopentaacetic acid bis-anhydride obtained as described in step a) of 
Example 1 (0.746 g; 0.00209 mol) in DMSO (5 ml) is slowly added tiiereto and the reaction 
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mixture is stirred under nitrogai atmosphere for 4 hours. MethanoUc KOH is added to 
bring the pH of the reaction mixture to 8 and the reaction product is then precipitated by 
addition of methanol foUowed by the addition of acetone. The precipitate is washed several 
times with ftesh acetone to remove DMSO still present and the product is then dried under 

5 vacuum. Yield 64 %. 

Prenaratinn of the gado linium complex of 3,6,9-tiiaza-3,6,9- 

fricarhoxvmethvlundecanoic acid bis-p lucopvranosvlamide 

The gadolinium complex of the chelating Ugand of step b) above has been prepared by 

following the same g&aersi procedure described in step c) of Example 1. 

10 RvfliT>p1e4 

TPr ^aratinn of the p aHnliniiim complex of O,'?/l-Hiflminn-R■18-dicarbonvl-7.10.13.16a9- 
|ll>n ^^lyi^-1 0.1 3.16-tricaAQxvmethv l-tteaitaheicosandioic acid 

(gadolinium complex of N,N»-(5-amino-5-carboxy-penlyl)diethylenetriaminopentaacetic 
acidbis-amide) 

15 a) 9, 0A-Hi«miTin-8 1«-dicMrbonvl- 7.1O,13.16.19-r>(n»taa7«-10,13J6-tricarboxYme^^^ 

pftntaheicosandioic acid 
N-terfbutoxycarbonyl-L-lysine (0.950 g; 0.00386 mol) and DMSO (10 ml) are charged mto 
a 100-ml reaction flask and stirred at 50 "C until complete solution. A solution of 
diethylenetriaminopentaacetic acid Ws-anhydride obtained as described in step a) of 

20 Example 1 (0.690 g; 0.001 93 mol) in DMSO (5 ml) is slowly added-thereto over a period of 
about one hour. After about 24 hours methanolic KOH is added to bring the pH of the 
reaction mixture to 8 and then acetone is added to precipitate the product -w^ich is then 
washed several times with fresh acetone. Upon removal of the solvent the obtained solid is 
dried at 40 ''C in an oven yielding 1.05 g (64 %) of the N^'-tertbutoxycarbonyl derivative 

25 of the compound of the title. Deprotection to give the compound of tiie title is tiien 
achieved by stirring for 96 hours the soUd in diethyl eflier containing IM HCl (6 ml). A 
pale yellow solid is thus obtained. 

b) Preparation of the gadolinium comple x of 2^diamino-8 ,18-dicarbonYl- 
7.10.13.16.19- r'^*»»"^«-^ ft 1 3.16-tricarb oxvmethvl-pentaheicosandioic acid 
30 The gadolinium complex of the chelating Ugand of step b) above has been prepared by 
following tiie same general procedure described in step c) of Example 1. 
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Kvample fi 

Preparation of flte gadoliniiim complex of 2.16-dibenzvl-4.13-dicarbonvl-3,6,9J2>15> . 
pentaa2a"6^.12-tricarboxvinethvl"heptadecan(iioic acid 

(gadolinium complex of N,N'-phenylalanyl-diethylenetriaminopentaacetic acid bis-amide) 

5 a) Preparation of 2,16-dibenzvl-4.13-dicarbonvl-3-6,9-12.1S "pentaa7A-^ ^^ 

tricarboxvmethvHientadecandioic acid 
A solution of phenyalanine (0.66 g; 0.002 mole) in DMSO (10 ml) is loaded into a 100-ml 
reaction flask and the mixture is heated to SO '^C under stirring. A solution of 
diethylenetriaminopentaacetic acid bis-anhydride obtained as described in step a) of 

10 Example 1 (0.715 g; 0.002 mol) in DMSO (6 ml) is slowly added tiiereto ov^ a period of 
about two hour. The reaction mixture is allowed to react at SO for 4 hours and at room 
temperatre for additional 20 hours. At the end of this time the solution is clear but a lower 
yellow phase of a jelly consistency is present The DMSO phase is recovered by 
decantation and acetone is added thereto until precipitation of a solid product is complete. 

15 The lower yellow phase is dissolved in a small amount of water and acetone is added 
fliereto to get an additional crop of solid precipitate. The two crops are combined and 
washed several times under stirring with fiesh acetone. The sumatant is then removed and 
the solid is taken up with water and washed again with fresh acetone. The raw material thus 
obtained is dissolved in acidic water (pH = 2) and purified by colunntn chromatography on 

20 Amberlite^XADllSO. ..... 

b) Preparation of the gadolinium complex of 2.16-dibenzvl-4.13-dicarbonvl"3.6>9.12>15- 

pentaaza-6.9.12>tricarboxvmethvl-heptadecandioic acid 
The gadolinium complex of the chelating ligand of step b) above has been prepared by 
following the same general procedure described in step c) of Example 1. 

25 Example 6 

Preparation of the gadolinium complex of 10J20-dicarbonvM.9,12,15,18^Ji^>i-liftp tftayfl, 
1 2 J 5. 1 S-tricarboxvmethvl-nonaheicosan- 1 ^9-diamine 

(gadolinium complex of N^N*-spermidin-diethylentriaminopentaneacetic acid bis-amide) 
a^ Preparation of 10.20-dicarbonvl-4>9>12.1S,18.2i:26-heptaaza-12.15,18>-tricarboxv- 
30 methvl-nonaheicosan- 1 ,29-d iamine 

A solution of diethylenetriaminopentaacetic acid bis-anhydride obtained as described in 
step a) of Example 1 (0.3S7 g; 0.001 mol) in DMSO (5 ml) is added over a period of two 

23 



hovffs to a solution of N-(3-ainmopropyl)-l,4-butanediaimne (spennidine, 1.45 g; 0.01 mol) 
in DMSO (20 ml) stirred at 50 "C in a lOO-ml reaction flask. The reaction mixture is 
allowed to react at 50 °C for 4 hours and then at room temperature for additional 20 hours. 
At the end of this time the solution is clear but a lower yeUow phase of a jeUy consistency 

5 is present. The DMSO phase is recovered by decantation and acetone is added thereto until 
precipitation of a solid product is complete. The lower yellow phase is dissolved in a small 
amount of water and acetone is added thereto to get an additional crop of solid precipitate. 
The two crops are combined and washed several times under stirring with fresh^acetone. 
The sumatant is then removed and the soUd is taken up with water and washed again with 

10 fiesh acetone. The raw material thus obtained is dissolved m acidic water (pH = 2) and 
purified by column chromatography on Amberlite™ XAD 1 180. 

h ) Prepararion of the gadolinium comple x of 10.20-dicarbonvl-4,9,12a5,18^1^6- 

Vi.»ptan7g-1 2, 1 S.18-tricarboxvmetl? Y^-"<^"a^^ei<''^«'»"-^ ,70-r^ffimi«e 
The gadolinium complex of the chelating Ugand of step b) above has been prepared by 
15 following the same general procedure described in step c) of Example 1. 
Exam ple 7 

Pre patation of the gadolinium complex of 4.26 -Hiaminn-S.10.1S.20-tetracarbonvl-12.15a8- 
tricarboxvmBthvl-6.9.12.1 5.18.21.24-^ ^t«fl^>a-""oaheicosan-l .29-diguanidina 
(gadoUnium complex of N^'-asparaginyl-diethylentriaminopentaneacetic acid bis-amide) 

20 Preparation of 4J?^-H^anifno-S.10.15.20-tetrac arbonvl-12.15.18-tricarboxvmethvl- 

6.9.1 2.1 5.1 8.21 ■24-hep t«'^y*'-"""a heicosan-l a 9-diguanidina 
2-amino-5-guanidino-valeric acid (argmine, 0.871 g; 0.005 mol) is dissolved in an aqueous 
solution at pH 9 and a strong excess of benzyl cWoroformate is then slowly added thereto. 
The thus obtained corresponding tri-carbobenzyloxy derivative is isolated, dissolved in 

25 methylene chloride and added with di-cyclohexylcarbodiimide. The obtained solution is 
then slowly added to a solution of ethylenediamine (1.5 g; 0.025 mol) in metiiylene 
chloride. The 2-aminoethylamide of the tii-carbobenzyloxy protected argmine is recovered, 
dissolved in DMSO and a solution of diethyl&otriaminopentaneacetic acid bis-anhydride 
(1.78 g; 0.005 mol) m DMSO is then added to the obtained solution heated to 50 °C. The 

30 reaction mixture is stirred at this temperature for 4 hours and then cooled to room 
temperature. The pH is adjusted to 8 by the addition of methanolic KOH and the raw 
product that precipitates is washed with acetone imder stirring overnight. The solid is then 
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recovered, dissolved in methanol and the protecting carbobenzyloxy groups are removed by 
catalytic hydrogenation over Pd/C 5 %. Any residxial carbamic acid that may possibly be 
present is then removed by acidification with HCl yielding the desired compound 
b^ Preparation of the gad nlintmn c omplex of 4.26-diamino-SJ0.15^ Q-tetracarbonvl- 
5 12,lSJ8-tricarboxvmethvl-6,9,12>15.18^L24-hep taa7^-ti9naheico^^^ 
diguanidina 

The gadolinium complex of the chelating ligand of step b) above has been prepared by 
following the same gei^eral procedure described in step c) of Example 1. « 

1 0 The possibility of using the compounds of the present invention to distinguish tumor 

cells from normal healthy cells, thus allowing the use of the contrast agents based thereon 
in die diagnosis of tumors, has been confirmed by evaluating the significantly increased 
rate of internalization of representative MRI detectable species (I) in various cells lines 
including tumor cells and comparatively normal healthy cells, 

15 The experiments done and the results obtained are summarised hereinbelow. 

Example 8 

Analysis of the differential uptake of the compound of Example 1 in rat hepatocytes 
and human hepatoma cells HepG2, has been carried out as follows : 

Rat hepatocytes were cultured in M199 medium supplemented with 2 mg/ml bovine 
20 serum albumin ^SA), 3.6 mg/ml Hepes, 100 U/ml penicillin, 100 U/jig streptomycin, and 
10 nmol/1 insulin; HEPG2 cells were cultured in RPMI 1640 medium supplemented witihi 
10% foetal bovine serum, 100 U/ml penicillin and 100 U/\ig streptomycin. 

The uptake experiments were performed in S ml EBSS, Earl's Balanced Salt 
Solution, (CaCl2 0.266 g/1; KCl 0.4 g/1; NaCl 6.8 g/1; glucose 1 g/1; MgS04 0.204 g/1; 
25 NaH2P04 0.144 g/1; NaHCOs 2.2 g/1). 

Determination of Gd moles internalized was performed with the measure of 
relaxation rate at 20 MHz of cytosolic extracts after mineralization overnight at 120 °C in 
37% HCl (1 : 1). The value has been normalised on Img protein of the lisate of cells. 

A time course analysis was done where cells were incubated at 37 in EBSS and 
30 then collected at different times (15% 30% Ih, 2h» 6h). 

The substrate concentration was for both cell lines 0.8 mM. 
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The results obtained show fhaA after 1 hour the uptake of the compound of Example 
1 by the human hepatoma cells HepG2 is 3 times more that the one in hepatocytes, and at 2 
hours is more than 4 times higher, reaching a plateau after about two hours and a half. 
These results are graphically reported in Figure 1 • 
5 Example 9 

Differential uptake of the compound of Example 3 in hepatocytes and h^atoma cell 
lines HepG2. 

The cells were cultured as in Example 8 above. The uptake experiments were 
performed in 5 ml BBSS without glucose to avoid competition between this compound and 
10 the test compound. 

Determination of Od moles internalized was performed with the measure of 
lelaxadon rate at 20 MHz of cytosolic extracts after mineralization at 120 '^C in 37% HCl 
(1 : 1). The value was normalised on Img protdn of the lisate of cells. 

The substrate concentration was S.lmM and a time course analysis was done. 
15 The results that show the higher uptake of the compound of Example 3 in human 

hepatoma cells HepG2 compared with hepatocyte are reported in Figure 2. 

Example 10 

The uptake of the compound of Example 3 in a panel of cancer cell lines compared 
wifli healthy hepatocytes was evaluated by culturing the various cancer cell lines and 
20 perfomung the uptake experiments as described above. 

Determination of the Gd moles internalized was performed with the measure of 
relaxation rate at 20 MHz of cytosolic extracts after mineralization at 120 °C in 37% HCl 
(1:1). The value was normalised on Img protein of the lisate of cells. 

The substrate concentration was S.lmM and the uptake was measured after 2hours 
25 from the administration of the test compound. 

The uptake of Gd was increased in all the cancer cell lines with a value that is cell 
line dependent 

These results are sununarised in the histogram of Figure 3. 

30 While this invention has been described in reference to illustrative embodiments, 

this description is not intended to be construed in a limiting sense. Various modifications 
and combinations of the illustrative embodiments, as well as other embodiments of the 
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invention, wiU be apparenl to persons skiUed in Ihe art upon reference to the description. It 
is therefore intended that the sqppended claims encompass any such modifications or 
embodiments. 
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1. 



Claims 

A MRI detectable species of following fonnula (I) 

Dp-Sn-Nm 

v«di»ein D is a MRI detectable moiety 



3 
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Sisaspacer 

N is a molecule of a mitrient or pseudo-mitrient 
nis 0 or an integer 

mis an integer and .. . 
p is an integer. 



2. The MRI detectable species of claim 1 wherein D is selected from the group conasting 
of coated ferromagnetic particles, coated siqpatparamagnetic particles and chelated 
complexes of paramagnetic metal ions wherein fee coating of the fecromagnetic or 
superparamagnetic particles or the chelating ligand of the paramagnetic metal 
complexes contain at least one site for a possible link to the spacer S or the 
nutrient/pseudo-nutrient molecule N. 

3. The MRI detectable species of claim 2 wherein the moiety D is a chelated complex of a 
paramagnetic metal ion selected from the ions of transition and lanthanide metals with a 
chelatiii^ ligand L. 

4. The MRI detectable spedes of claim 3 whraein the paramagnetic metal ion is selected 
from the ions having atomic number of 21 to 29, 42, 43, 44, or 57 to 71, and the 
chelating ligand L is selected from the group consisting of the residue of a 
polyanunopolycarboxylic acid, either linear or cyclic, m racemic or optically active 
fonn, such as ethylenediaminotettacetic acid (EDTA), diethylenetriammopentaacetic 
acid (DTPA),N-[2-[bis(carboxymethyl) -amino]-3-(4-ethoxyphenyl)propyl]-N-[2- 
[bis(carboxymettiyl)ammo]ethyl]-L-glycme (EOB-DTPA), Na^-bis[2- 
[bis(carboxymethyl)amino]ethyl]-L-glutainic acid (DTPA-GLU), N,N-bis[2- 
[bis(carboxymethyl)amino]ethyl]-L-lysme (DTPA-LYS), the DTPA mono- or bis- 
amide derivatives, such as N,N-bis[2-[carboxymethyl[(methylcarbamoyl) - 
meaiyl]ammo]ethyl] glycine (DTPA-BMA), 4-carboxy-5,8,ll-tris(carboxymethyl)-l- 
phenyl-2-oxa-5,8,ll-triazatridecan-13-oic acid(BOPTA), 1,4,7,10-tetraazacyclo- 
dodecan-l,4,7,10-tetraacetic axad (DOTA), l,4,7,10-tetraazacyclododecan-l,4,7- 
triacetic acid (D03A), 10-(2-hydroxypropyl)-l,4,7,10-tetraazacyclododecan-l,4,7- . 



triacetic acid (HPD03A), 2-methyl-l,4,7,10-tetraazacyclododecan-l ,4,7,10-telraacetic 
acid (MCTA), (a,a%a'^a">tetrame%l-l A7,10-tetraazacyclododecan-l A7,10- 
tetraacetic acid (DOTMA), 3,6,9,15-tetraa2abicyclo[9.3.1]pentadeca-l(15),ll,13-triene- 
3,6,9-triacetic acid (PCTA); a derivative fhoreof wherein one or more of thee carbo^iylic 
groups are in the fonn of fee corresponding salts, esters, or amides; and the residue of a 
corresponding compound wherein one or more of the carboxylic groups is replaced by a 
phosphonic and/or phosphinic group, such as for instance 4-carboxy-5,l l-bis(carboxy - 
methyl)-l-phenyl-12-[(phenylmethoxy)methyi]-8-^hosphonomethyl)-2J6xa-5,8,ll- 
triazatridecan-13-oic acid, NJ^'-[(phosphonomethylimino)di-2,l-ethanediyl]bis[N- 
(carboxymethyl)gIycine],N,N'-[(phosphonomefeylimino)di-2,l-ethanediyl]bis[N- 
(phosphonomethyl)glycine],NJ^'-[(phosphmomefeylhnino)di-2,l-ethanediyl]bisI^^ 
(carboxymefeyl)glydne], l,4,7,10-tetraazacyclododecane-l,4,7,10- 
tetra]ds[methylen(methylphosphonic)]acid, or l,4,7,10-tetraazacyclododecane-l,4,7,10- 
tetrakis[methylen(mefeylphosphinic)]acid. 

5. The MRI detectable species of formula (T) according to claim 3 wherein the 
paramagnetic metal is a neutron capturing isotope or a Mopbauer isotope. 

6. The MRI detectable species of formula (I) according to claim 5 wherein the 
paramagnetic metal isotope is *^^Gd. 

7. The MRI detectable species of formula (I) according to any of the preceding claims 1 to 
6 wherein the nutrient or pseudo-nutrient molecule N is selected from monosaccharides, 
essential amino acids and their derivatives, polyamines and non-essential amino-acids. 

8. The MRI detectable species of formula (I) according to claim 7 wherein the nutrient or 
pseudo-nutrient molecule N is selected from glucose, alanine, phenylalanine, lysine, 
arginine, putrescine, spermidine, ^ermine, asparagine, agmadne, and glutamine. 

9. The MRI detectable species of formula (T) according to any of fee preceding clauns 1 to 
8 wfaerem the spacar S, if present, is a homo- or hetero-bifunctional linker where fee 
two reactive moieties are separated by alkylidene, alkenjrlidene, alkynylidene, 
cycloalkylidene, aiylidene, or aralkylidene radical that can be substituted and be 
inteinq>ted by heteroatoms sudi as oxyrgen, nitrogen, and sulphur. 

10. The MRI detectable spedes of formula (T) according to claim 9 wherein the reactive 
moieties are separated by an aliphatic, straight or branched chain, that may be 
hitemq)ted by -0-, -S-, -CO-, -NR-, -CS- and fee Hke groups or by aromatic rings, and 
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may bear -OR, -SR, -NRRi. -COOR. -CONRRi, and the like substituents, wherein R 
and Ri, each independently, may be a hydrogen atom or an organic group. 

1 1. A phannacuetical compoation comprising an amount sufficient to give the desired 
contrast of a MRI detectable species of any of preceding claims 1 to 10 together with at 

5 least one phannaceulically acceptable carrier. 

12. The pharmaceutical composition of claim 11 hi the form of a pharmaceutically 
injectable composition. 

13. The mjeclfble composition of claim,12 for the diagnosis of tunv>rs by MR! 

14. An mjectable composition of claun 12 wherem the MRI detectable species is a "^Gd 
10 chelated complex for use m the neutron capture treatment of tumors. 

15. A process for flie preparation of a MRI detectable species of formula ® according to 
any of clahns 1 to 10, said process comprising either 

• conjugating the spacer S.ifany, with tiie nutrient or pseudo-nutrient molecule N, 
and the tims obtained intermediate witii flie MRI detectable moiety D or a precursor 

15 thereof; or 

• coiijugating the MRI detectable moiety D or a precursor fliereof with tiie spacer S, if 
any, and the thus obtained intermediate with the nutrient or pseuso-nutrient 
molecule N; and 

when a precursor of the MRI detectable moiety D is used, converting said precursor 
20 into the desired MRI detectable moiety. 

16. The process of claun 15 for the preparation of a MRI detectable species of claim 2, 
wherem a chelating ligand L is employed as precursor of the MRI detectable moiety D 
to afford an intermediate compound of formula 
Lp-Sn-Nm (H) 
25 wherein L is a chelating ligand 

S is a spacer 

N is a molecule of a nutrient or pseudo-nutrient 
nis 0 or an integer 
m is an integer and 
30 p is an integer, 

and is converted mto the desked end conq)ound of formula (I) by metallation with a 
suitably selected paramagnetic metal ion. 
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17* An intermediate compound of fomiula (H) 

- Lp-Sn-Nm (H) 
wherein L is a chelating ligand 
S is a spacer 

5 N is a molecule of a nutrient or pseudo-nutrient 

nis 0 or an integer 
m is an integer and 
p is an integer. 
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Abstract 

The invention provides MRI detectable species of formula ® 

v/faerdn D is a MRI detectable moiety 
S S is a spacer 

N is a molecule of a nutrient or pseudo-nutrient 
nis 0 or an integer 

^ m is an integer and « * 

p is an integer. 

10 These compounds are useM for intemaUsing into tumor ceUs an amount of the MRI 

detectable moiety that is distinguishably higher than the amount internalised in normal 

healthy cells thus allowing the diagnosis of tumors. 

Preferred compounds of formula (T) axe those wheran D is the chelated complex of 

a paramagnetic metal ion. In this case when the paramagnetic metal ion is a neutron capture 
15 isotope. e.g. *"Gd, the new compounds can also he used for the treatment of the tumor, by 

selective irradiation of the tumor mass. 
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